A model of avian genome evolution is proposed. The classical evolutionary equation is written in terms of nucleotide frequencies of the genome varying in time. The evolution is described by a second-order differential equation. The diversity and the environmental potential play dominant role on the genome evolution.
Introduction
We have proposed a quantitative model of genome evolution. [1] The extinction of the dinosaurs and pterosaurs at the end of Cretaceous (66 millions of years ago) left open a wide range of ecological niches, allowing birds and mammals to diversity. Most of the vacated avian niches were thought to have been filled by a rapid post-Cretaceous radiation of neognathous birds which today include over 99% of all bird species. [2] - [5] . The avian species afford a splendid field for investigation of the genome evolution. Recently, the bird macroevolution was explored by using full genomes from 48 avian species representing major extant clades. [6] [7] . Then a more comprehensive phylogeny of 198 avian species was established by using targeted next-generation DNA sequencing. [8] Avian genomes show a remarkably high degree of evolutionary stasis at the level of chromosomal structure, gene syntency and nucleotide sequence. The macrochromosome studies reveals that the ancestral pattern has remained largely unaltered in the majority of avian genomes. [9] At the level of nucleotide sequence it was indicated that the overall pan-genome background substitution rate in birds is about 1.9×10 belongs to palaeognathae，branching out at 50 Mya, while the present Ophisthocomus hoatzin is also a palae-species branching out at 64 Mya. [7] [8] Most neoavian birds occurred in a relatively short period of 10 -15 million years after the mass extinction event about 66 million years ago.
From the full-genome sequence data of 48 avian species it is found the size N (sequence length) of 48 bird genomes takes a value between (1044 -1258)×10 6 . The informational redundancy
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( i x -the frequency of i-th nucleotide in a genome) for 48 genomes takes a value between 0.008 -0.026 that shows i x very near to N/4.
In the article the classical evolutionary equation of the genome will be written in terms of nucleotide frequencies varying with time. The evolution is described by a second-order differential equation. The diversity and the environmental potential play dominant role on the genome evolution. The measure of diversity was taken from [10] and a simple form of environmental potential will be assumed. Environmental potential parameters, evolutionary inertial parameter and dissipation parameter will be estimated by fitting avian genomic data. To describe the speciation event the quantum evolutionary equation is proposed which is the generalization of the classical equation through Bohr's correspondence principle in atomic physics. Then the discreteness of quantum state can be deduced and the ground-state wave function of avian genome can be obtained. New species production will be described and calculated by the quantum transition between discrete quantum states. The results are expected to provide a clue to understand the law of the rapid post-Cretaceous radiation of neognathous birds.
Classical evolutionary equation of avian genome
For any genome there exists a potential to characterize the evolutionary direction [1] 
In the following we shall consider single nucleotide frequency only and take m=4, simultaneously set the logarithm log=log 2 . The classical genome evolution equation reads as [1] WNNNx αββ
The environmental selection is called positive as the selective potential env W increases with N and called negative as env
Inserting (5) into (4) it leads to the equilibrium occurs at
the genome size increases with a decreasing rate given by (6) The parameter f can be estimated from Eq (6). Considering many birds are in quasi-stasis phase from 50Ma till now we estimate Inserting (5) into (4) and through integration of Eq (4) one obtains . CC-BY-NC-ND 4.0 International license not peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was . http://dx.doi.org/10.1101/034710 doi: bioRxiv preprint first posted online Dec. 17, 2015;
due to the damping of friction force. The dissipation effect of friction force is accumulated in time. In the initial evolution of a genome one may neglect f term in Eq (4). By assuming c a constant Eq (4) reads for avian genome in the classical phase of evolution. The present c value is larger than the previous estimate in [1] where the form of environmental potential was not given.
In the above discussion on avian genome the parameters α and β in environmental potential env W are assumed to be constant since the environmental condition is stable on the evolutionary trajectory. In general, in the changing environment, α and β varying with t , the genome will select new evolutionary trajectory (new solution of Eq (4)) to adapt the environment. However, if the environmental sudden change, for example the food deficiency, makes β(t) increasing too rapidly, the genome will be shrunken and degenerate and the species will be close to extinction.
Quantum state , quantum transition and avian speciation
Following Bohr's correspondence principle in atomic physics there exists a good correspondence between classic-mechanical motion and quantum motion. The quantum-generalization of the deterministic equation (4) time-dependent. The quantum evolutionary theory is applicable in studying the new species formation where the classical theory is incapable of action. In the following we shall discuss the speciation event from the view of quantum transition. The quantum state described by the eigenstate of Hamiltonian is generally not continuously but discrete. The eigenstate of H satisfies
The Hamiltonian given by Eq (10) can be rewritten as where Eqs (1)- (3) and (5) The first-order correction to wave function (0) () N ψ can also be calculated from perturbation . then the picture of definite trajectory, namely x i (t) as a function of t, ceases to be correct and the state will be switched to quantum. A series of discrete eigenstates occur in quantum phase. In the quantum state the nucleotide frequency always takes some statistical distribution but not a definite value. Eq (15) shows the statistical distribution of N in ground state ( m =0) peaks at 21 2 N α ββ
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with width proportional to L c β .
Therefore, the quantum theory regards that the speciation event is essentially a quantum transition between initial "old" species and final "new" species. There always exists a Hamiltonian-level gap between low-lying ground state (m=0) 
Thus the transitional probability amplitude is expressed by . 
be neglected. The next two lines of Eq (19) show that for a given initial state the larger the frequency distribution width F a the greater the transition probability. It means the most probable posterity genome has stronger uncertainty of frequency in its first formation stage. Evidently, it is a quantum peculiarity of genome evolution. The rapid post-Cretaceous radiation of neoavian birds provides a vast amount of experimental data to test the above quantum theory on new species production.
